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Honeux O. B., Cmapkosa K. I., Kpusuosg A. B.
NMMMYHOT'EHETUUYECKHWE MAPKEPHI SKCITO3UIINU BEH3(A)IITMPEHA Y JIETEN

®BYH «®eaepanbHbIN HayYHBIH LIEHTP MeAUKO-TIPOIIAKTUYECKUX TeXHONIOTUHN yIIpaB/leHUsA PUCKaMU 3/J0POBbIO HaceleHUA»;

OI'BOY BIIO «IlepMmckuii rocyzapcTBEHHBIN HAllMOHATBHBIN HCC/IeJOBAaTEeTbCKUM YHUBEPCUTET»,

r. ITepmb, Poccutickas ®enepanms;

Pe3rome. IlpezcTaBiieHBbl pe3ylabTaThl HCCIEJOBAHUIN OCO-
6eHHOCTeH pacnpezenerus yactot reHoB CYP1A1, TNFanbda,
PT53, MMP9 y geTeli B yCIOBUAX SKCIO3UIUU GeH3(a)mupe-
HOM. BBISBJIEHBI OCOOEHHOCTH T€HETHUYECKOTO MOJIUMOpPU3-
Ma TeHOB, a TaKXKe UX acCoIMaIia C KOHTaMUHaIel 6rocpes
XUMUYECKUM KaHIEPOTEHOM U CIeluPpUIecKUM HMMYHOJIO-
TUYECKUM OTBETOM Ha ramnTeH. BrifiBieHa BapuabenbHas a-
JIETbBHOCTh UMMYHOKOMIIETEHTHBIX T€HOB U T'eHa /eTOKCHKa-
MY TIPEUMYIIECTBEHHO 3a CYET YaCTOT TeTEPO3UTOTHBIX aj-
JIeJTbHBIX BADUAHTOB.

KiroueBsnle cjioBa: reH TPaHCKPUIIIMOHHOTO dakTopa p53,
daxTop Hekposa omyxond, IgG k 6eHs(a) mupeHy

BenencTBre reHeTHYeCKOM reTepOreHHOCTH MOMY/IALINY de-
JIOBEKA B HeU IPUCYTCTBYIOT WHIWBU/BI, TeHETUIECKHE OCO-
6GEHHOCTH KOTODPHIX OOYCIaBIMBAIOT ITOBBILIEHHYIO YYBCTBU-
TEJTbHOCTh K JEUCTBUI0 XMMHUYECKUX BEIIEeCTB, 00IaZarouux
CBOICTBaMU KaHIIEPOT'€HOB. BOCIIpUUMYMBOCTh OpPraHu3Ma K
BO3JeHCTBUIO TEXHOI'€HHBIX XUMUYECKUX (paKTOPOB B 3HAYU-
TeJIbHOU Mepe 3aBUCUT OT GYHKI[MOHATBHBIX 0COGEHHOCTEHN U
reHEeTUYeCKUX aCCOIMAlui, OIpeZesAIIINX COCTOsTHUE 6en-
KOB, OTBEUAMOUUX 3a JeTOKCHUKAI[MI0, UHTEHCUBHOCTb U IIO-
cjlefloBaTeIbHOCTh IIPOIIECCOB aIloIiTo3a U aKTUBHOCTh COCTO-
AHNUA KOMIOHEHTOB MMMYHHOTO OTBETA, YYaCTBYIOUIUX B pe-
anusanuu atoro mpotecca [1-10]. K kitouyeBBIM IMOJIMMOP-
¢dusmaM, ompezesAUIUM B3auMoJelcTBUe GpaKTOPOB OKpY-
JKaroIel cpezibl ¥ IPOLeCCOB UMMYHOJIOTHYECKOTO I'OMeoCTa-
3a, OTHOCATCA mosuMop¢duaMbl reHoB uroxpoma CYP1Al,
TPaHCKPUIIIMOHHOTO dakTopa p53, pakTopa HeKpo3a OIIyXo-
qu anbda (TNFanbda) u Mmerasuronporennassl [11, 12, 13].
IlepBas ¢aza ge3aKTUBAIIMU 00eCIIeYNBAETCS, IIABHBIM 006pa-
30M, cymepcemelicTBoM muToxpoma P-450 (CYP). VX ocHOB-
Hble QYHKIUY 3aKIIOYAIOTCA B IPUCOESUHEHUN K MOJIEKYJIEe
KCeHOOMOTHKa THAPOGUIbHBIX IPyII, 6Giarogaps 4emy Ipo-
ucxoaut getokcukanua. CYP1A1 xogupyeT dpepMeHT apuiy-
[JIEBOZOPOAKAPOOKCIIIA3y, KOTOPHIM y4acTByeT B MeTabonn3-
Me 3CTPOreHOB, HEKOTOPBIX JeKapCTBEHHBIX CPEJCTB M IIO-
JIMIUKJINYECKUX apoOMaTHYecKuX yrineBogopozoB (ITAY) —
OCHOBHBIX KOMIIOHEHTOB TabayHOTO JbIMA U IIPOAYKTOB CXKU-
raHUsA OPraHUYeCKOr'o TOIUIUBA. DTOT GpepMEHT KOHTPOIUPYET
HavyalabHBIN MeTabonuaMm [TAY u psaga Apyrux OpraHUdecKuX
COeZINHEHUH, IPUBOAALIINN K 0OpPa30BaHUIO KaHIEPOT'E€HOB
(manpumep, 6ens(a)nupena) [14]. I[IpoaykT rena TNFaxbda
— dakTop Hekposa omyxonu anbda (TNF-anbda, KaXeKTHH)
— OTHOCHUTCA K IIUTOKMHOBOW CHCTEMe U IIpeJCTaBjAeT COo-
601 KJIeTOYHBIN MeAraTop Makpodaros U TMMPOIUTOB, UTIPa-
€T Ba)KHYIO POJIb B PEry/IALNYU IpolieccoB AnubdepeHIIUPOBKH,
pocTra u MeTabonu3Ma KJIeTOK, ABIAeTCS MeJUaTopoM BocCIa-
JIUTENBHBIX IIPOIIeCCOB, MHULIUUPYET ob6pa3oBaHUe CBOOOZ-
HBIX PaJUKaJOB U MOXET CIOCOOCTBOBATH PA3BUTHUIO OKCH-
JATUBHOTO cTpecca. [IommMopdu3M KaKJOoro U3 CaiToB IpoO-
MOTOpHOU ob6sactu reHa TNFA cHWXaniu aKTUBHOCTh TeHa-
pernopTepa NpuMepHO B /iBa pa3a. [eH pS3 — oHKocyImpeccop,
€ro MpOAYKT 6esI0K p53 KOHTPOJIMPYeT OTBET KJIETKU Ha pas-
JIMYHBIE BUZBI CTpecca, BKIo4ada nospexzaenua JHK xumunue-
CKUMU U GU3NIECKUMU areHTaMU, HapyluleHUus MUKPOTPy6o-
YyeK IJUTOCKeseTa, aKTUBAI[UI0 OHKOT€HOB, I'MIIOKCUIO, I'UIep-
TepMHUIO U Ap. AKTUBaLUA TeHa p53 BeZleT K OCTaHOBKe IIPO-
nudepanuy KIETKU U K BKIIOYEHHUIO B He IIporpaMMBbI allol-
TO3a — 3aNnporpaMMHUPOBAHHON KJIE€TOUYHOU rubenu. MeTai-
sonpoTterHaza MMP9 oTHOCUTCA K ceMelCTBY BHEKJIETOYHBIX
LMHK-3aBUCUMBIX JHZAOIENTH/A3, CIOCOOHBIX pa3pyliaTh BCe

THITB OEJIKOB BHEKJIETOYHOT'O MAaTPUKCA; UT'PAET POJIb B PEMO-
JleTMPOBAaHUU TKaHeH, aHTHoTeHe3e, mpoaudepany, MUTpa-
uuu u auddepeHIMAUM KIETOK, aloITo3€e, CAEPKUBAHUU
pocTa oImyxoJseii; 3aZieificTBOBaHa B paciielieHnn MeMOpaH-
HBIX PEIENTOPOB, BRIOPOCE AaMONTO3HBIX JUTAH/OB, TAKUX KaK
FAS, a Tak:ke B aKTHUBallUX U /leaKTUBALIUN XEMOKHWHOB U IIU-
TOKHUHOB.

Ilesib pabOThI — aHaIN3 UMMYHOJOTUYECKUX U T€HETUYe-
CKUX MapKepoB y IeTCKOTO HaceJeHUsA B YCIOBUAX TeXHOT'€H-
HOTO 3arpsA3HeHusa cpebl 00uTaHusa 6eH3(a) TUPEeHOM.

MarepuaJsibl 1 METOABI

ITpoBoawIM yriybJIeHHOE M3yYeHHE COCTOSHUA 370POBBSA
JIETCKOTO HaceJIeHUs B Bo3pacTe oT 3 10 7 JIeT, TOCEIIAIoIIero
JIeTCKUe JIOUIKOJIbHbIE yUpeXXJeHUS B KPYITHOM IIPOMBIIUIEH-
HOM IleHTpe. Beaymum GpakTOpoM a3poreHHOH BHEUIHECPes0-
BOW Harpysku BeicTynan 6ens(a)nupen. O6ciaenoBansr 90 ze-
Tel (rpynna HabIIOAeHUs ), IPU 3TOM TPYIIy CPAaBHEHUS CO-
craBuwid 80 feTeld ¢ yCIOBHO-YUCTOU TEPPUTOPUH C JOIYCTH-
MBIM YPOBHEM XMMUYECKOTO BO3/I€HCTBUA.

CozepxaHWe OpraHUYECKUX COeAWMHEHUM B O6uocpezax
omnpeseNsaNi C TOMOUIBI0 BBICOKOI()QGEKTUBHON KUIKOCT-
HOU U Ta30Bo¥ xpomaTtorpadpuu. [TokazaTeau TUMEePIYBCTBU-
TenpHOCTU (cozepikaHue IgG crnenuduyeckoro Kk 6ens(a)mu-
peHy) H3y4yajqu METOJOM aJIEProcOpOEeHTHOTO TeCTUPOBa-
HuA. MeanaTopsl MEXKJIeTOYHOU UMMYyHHOU perymanuu (IL-
10, IL-17, TNF-anpda), Mapkep SHIOTENIUAIbHON AUCHYHK-
uu VEGF, IgE obmuit naeHTudunnpoBaiyu B MpoIecce M-
MyHOdepMeHTHOTO aHanu3a. 3abop matepuana aus [P mpo-
BOZIWJIM METO/ZIOM B3SITHS Ma3KOB CO CJIIU3UCTON 0OOJIOUKHU PO-
TOIVIOTKU. J[JIA OlIpe/ieIeHuUs FTeHOTUIIOB HUCII0Ib30BaIN Bapu-
anT I1LIP B pexxuMe peajbHOTO BPEMEHU U METO/| aJUIeTbHOU
JUCKpUMUHAIIUU. B Xo7le nicciieoBaHUA IPOBEIEHO U3ydeHue
nosuMop¢du3Ma MIECTH MaTOrHOMOHUYHBIX reHOB — CYP1Al,
TNFanbda, PT53, MMP9.

Pe3ynbTaThI U UX 0OCYKAEHUE

HaTypHble HcCIefOBaHUA KadyeCTBEHHOI'O COCTaBa aTMOC-
depHOro BO3Ayxa IIOKA3aM, YTO €r0 COCTOSIHHE HE COOTBET-
CTBYeT YCTAaHOBJIEHHBIM T'MTMEHWYECKUM HopMaTruBaM. Jle-
TU, IPOXKUBAIOIYE B aHAIU3UPYEeMOM pailoHe, HaXOAATCS TIOZ,
BO3zelicTBueM OeH3(a)TMpeHa B YCIOBUSAX MPEBBIIIEHUS HOP-
MaTHUBHBIX KOHIIeHTpauuii — 710 1,9 IT/IKc.c.

AHasmn3 NOoJy4YeHHBIX KOHIIEHTPALUil OPraHUYeCKUX COeIU-
HEHUH B KPOBW /JleTe€l T'PYIIbl HAOIIOAEHNS OKA3aJ0 HajH-
Yue JOCTOBEPHOTO TIPEBHINIEHUA KOHIleHTpauuu GeH3(a)mu-
peHa B KpoBu ZeTeli B 1,6 pa3za (p < 0,05) Hazg ero cozepxa-
HUeM B KpOBHU JleTel, TPOKUBAIOIIUX Ha TEPPUTOPUH CpaBHe-
HUA.

AHasnm3 3a601eBaeMOCTHY HaceleHUs, TPOKUBAIOLIETO B UC-
clefyeMbIX palioHaX, MPOBOAWIICA TIO KJaccy 60sie3Hel BpOX-
JIeHHBle aHOMasuH, JepopMalUi U XPOMOCOMHBIE Hapylle-
Hus. 3adUKCUPOBAHbI JOCTOBEPHO OoJiee BRICOKHE MOKa3aTe-
JIM PacIIpoCTPaHEHHOCTH 3a00IeBaHUH B TPyIIe HAOTIOAeHUS
(20,0 Ha 1000 HaceneHHs) IO OTHOLIEHUIO K TPYIIIle CpaBHe-
Husa (10,0 va 1000 HacenreHus).

AHanm3 OTHOIIEHHUA IIaHCOB M3MEHEHHUs IOoKasaTened ry-
MOpPaJbHOTO MMMYHUTETA IIPYU BO3PACTaHUU KOHLIEHTPAIUU
KOHTaMUHAHTOB B OMOJIOTUYECKUX CPeZiax MTO3BOJIMI YCTaHO-
BUTH JocToBepHoe (p < 0,05) moBbIlIeHMe KOHIIEHTPAIUU
IgG npu yBeMM4eHUN KOHIIEHTpalUK B KpoBU GeH3(a)mupeHa
(R2 = 0,92 mpu p < 0,05).
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HabutofatoTcest AOCTOBEPHBIE OTKJIOHEHWS YPOBHS OOMIei
CeHCHOMWIN3aluy KaKk B CPaBHEHUU C BO3PACTHOH HOpPMOM
(comepxanue IgE obmero — 114,6 + 34,70 ME/mu ipu HOp-
Me <50,0) (p < 0,05), Tak u c rpynmnoi KoHTpos. JJocToBep-
HO yBeJWYMBaeTCA IaHc Bo3pacraHua IgE obiero mpu mo-
BBIIIIEHUU KOHIleHTpaiuu 6ens(a)mupena — R2 = 0,74 npu
p < 0,05.

BEIIBJIEHO /IOCTOBEPHOE CHI)KEHUE BaCKYJIAPHOTO 3HJO-
TeJINaNbHOTO (GaKTOpa pocTa B CPaBHEHUU C KOHTPOJIHHBIM
ypoBHeM, p < 0,05. HabGiozanuch OTKJIOHEHUS PETYJISTOP-
HBIX TIOKa3aTeJed 10 OTHOIIEHWIO K TPyIIle CPaBHEHUA, B
YaCTHOCTH, IOCTOBEPHO IIOBBHIIIEH YPOBEHb COZEPKAHUA Me-
[IMaTOPOB MEXKJIeTOYHON uMMyHHOU perymanuu (IL-17). Oa-
HOBPEMEHHO OTMEeYaJoCh [OCTOBEPDHOE CHUXKEHHE KOHIIeH-
tpanuu TNF-anbda y o6cief0BaHHBIX B CpeHEM B 2 pasa OT-
HOCUTEeNIbHO Ipynisl cpaBHeHud (p < 0,05).

YCTaHOBJIEH OCTOBEPHO MOBBIIEHHBIN 10 CPABHEHHUIO C Pe-
bepeHTHBIMU 3HAYEHUSIMU YPOBEHB clieludUIECKON CeHCU-
6winsanyu K OeH3(a)mupeHy mo kpurepuio IgG, mocToBep-
HBIN TI0 KPAaTHOCTSM IIPEBBIIIEHUA HOPMBI (KPaTHOCTb ITPEBHI-
LIeHHs HOPMBI cocTaBuia 1o IgG k 6eH3(a)mupeny B 1,5 pasa)
(p < 0,05), a Tak)ke OTHOCUTENBHO I'PYIIBI cpaBHeHUA B 2,0
pasa (p < 0,05).

AHanu3 OTHOLIEHWS NIAHCOB H3MEHEHHS CHeluQpUIecKo-
ro OTBeTa IpY BO3pacTaHUU KOHLEHTPAllUM KOHTAaMHHAHTOB
B KPOBH II03BOJIWJI YCTAaHOBUTDH JocToBepHoe (p < 0,05) mo-
BBIIIEHUE KOHIeHTpauuu I1gG k 6eH3(a)mupeHy IpU yBernde-
HUU KOHIleHTpaluu 6eHs(a)nmupena B kpoBu (R2 = 0,73 npu
p < 0,05).

leHeTHUYeCKUI aHAIN3 BBIABWI OCOOEHHOCTU IIOTUMOPPU3-
Ma IIPUOPUTETHBIX I'€HOB, yU4aCTBYIOIIUX B IIpolieccax afarTa-
1IMY K UI3MEeHEHHBIM yCI0BUAM cpeabl (Tabnuia 1).

Tak, y feTeli rpynnbl HabIOAeHNA TeH GpepMeHTa JeTOKCU-
Kauuu kceHoO6mnoTukoB CYP1Al ominyascad IIOBBIIIEHHON B
5,3 pas3a 4acTOTOl MHUHOPHOI'O a/UIeNd 3a CYeT reTepo3UroT-
HBIX TeHOTHUIIOB. AJUIETbHBIN MOMIUMOPGU3M reHa, OTBEYAIO-
1Iero 3a UMMYHHBIN OTBeT U anonto3 — TNFanbdha — Takke
XapaKTepu3oBasicAd NOBHIIIEHHON (B 1,3 pasa) pacmpocTtpa-
HEHHOCTBIO y ZieTell TPYIIBl HabII0LeHUsA 3a CYeT TeTePO3U-
TOTHOI'O BapuaHTa. BapuaHTHBIN ajieslb reHa TPAHCKPUIILIU-
OHHOTO aKTOpa B OCHOBHOU TPYIITIE JOCTOBEPHO HabIIOAA-
cd B 2,2 pasa valle I'PyNIIBl CpaBHeHUA. AHaIN3 paclpocTpa-
HEHHOCTU MYTaHTHOTO ajulesIA reHa MeTa/UIOIpOTerHa3bl 110-
Kasajl BOo3pacTaHue B 2,7 pasa 4aCTOTbl MUHOPHOI'O I'OMO3U-
roTHOro reHoTuna resa MMP9 B aHanusupyeMoi rpymie I1o
OTHOIIEHUIO K I'PyTIIIe CPaBHEHUA.

Tabnmma 1

PesysnbTaThl FeHOTUINIMPOBAHUA, AeTU, %

[er/Annenb CYP1A1 PT53 TNF MMPS
GG | 88 | CC | 40 | GG | 72 | AA | 28
GA | 12 | CG | 46 | GA | 28 | AG | 96
Ipynna Ha6niopeHus | AA 0 GG 14 | AA 0 GG 16
G 94 C 63 G 86 A 96
16 G 37 A 14 G 44
GG | 93 | CC | 66 | GG | 79 | AA | 6O
GA 7 CG | 33 | GA | 21 AG | 34
Ipynna cpaBHerus | AA 0 GG 1 AA 0 GG 6
G 97 C 83 G 89 A 77
3 G 17 A 11 G 23

BoIiBOABI

1. B pesynbraTe 06CiIe0BaHUA AETCKOTO HACENIEHUSA KPYII-
HOTO NPOMBIIUIEHHOI'O I[eHTpa, IPOXXUBAIOIIEro B YCIOBUAX
3arpsi3HeHUs cpeAbl obuTaHus OeH3(a)MPEHOM, BBISBIEHBI
CylllecTBEHHble W3MEHeHUsA (QYHKIMOHAJBbHBIX IOKa3aTexei
VMMYHHOU CHCTEMBI: MOBBILNIEHUE CIIENUPUIECKON YYBCTBU-
TEJBHOCTH K KOMIIOHEHTaM (HaKTOPHOU HArpy3Kyd OopraHu3Ma
(IgG k 6eH3(a)nupeHy); U3MEHEHNE YPOBHA MeAUATOPOB M-

MyHHO¥H perynanuu TNF-anbda, MI-17 (p < 0,05).

2. [okasaHHble HAPYIIIEHUs ZOMOTHITCI 0COOEHHOCTIMU
TeHETUYECKOTO MOoJUMOpdu3Ma € MPenMyIIeCTBEHHON pac-
[IPOCTPAaHEHHOCThI0 MHUHODHOTO aJUleJisi T€HOB LHTOXPOMA,
dakTOopa HEKpo3a OMYXOJH, TPAHCKPUMIMOHHOTO daKTopa U
MeTaionpoTenHassl. [Ipu aToM 6eH3(a) TMpeH BHICTYNAET Be-
JYIIM 1T0Ka3aTeneM GaKTOPHOU Harpy3KH, JOCTOBEPHO BIIU-
511 Ha UMMYHHBIH cTaTyc 06c1eZI0BaHHbBIX ZeTel.
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Dolgikh O. V., Starkova K. G., Krivtsov A.V.
IMMUNOGENETIC INDICATORS OF
THE EXPOSURE TO BENZO(A)PYRENE
IN CHILDREN
Federal Scientific Center for Medical and Preventive Health
Risk Management Technologies, Perm, Russian Federation;

Perm State National Research University, Perm, Russian

Federation
Abstract. This study describes the characterictics of
frequencies’ distribution of cytochrome genes, TNFalfa,

PT53 and MMP9 genes in children under the conditions of
exposure to benzo(a)pyrene. Specific features of the genetic
polymorphism and the genes association accompanied by the
biological media contamination with a chemical mutagen
and the specific immunological response to the hapten were
found. The variable allelism of the detoxification gene and the
immunocompetent genes was revealed owing to the frequency
of heterozygous allelic variants.

Key words: gene of the transcription factor p53, tumor
necrosis factor, IgG to benzo(a)pyrene
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